In recent decades, the conservation of biodiversity has become one of the main areas under consideration in managing forests in an ecologically sustainable way. Forest management practices are primary drivers of diversity and may enhance or decrease forest biodiversity, according to the measures applied (thinning options). We have focused on three beech (Fagus sylvatica L.) forests across a latitudinal gradient in Italy, characterised by different structures resulting from dissimilar management. We tested the short-term effects of differently-based silvicultural intervention vs. stands where no silvicultural practices were applied on biodiversity indicators and related proxies: deadwood amounts, microhabitat density, floristic richness and life form abundance. In each study area, the occurrence of the above indicators and proxies was evaluated before and after the implementation of crop tree thinning (CTT) and thinning from below (LT) methods, comparing them with control areas where no interventions were performed. After two years, the management options resulted in different responses of the investigated parameters. The CTT increased deadwood amounts in comparison with the LT ones, while stumps increased significantly after the LT thinning. Microhabitats increased significantly where intervention was not undertaken. On the contrary, they remained unaltered after the LT treatments. CTT thinning created favourable conditions for the development of microhabitats and their proliferation in the long term. Two years after the application of the CTT thinning treatment, all forest stands demonstrated a significant increase in their floristic richness and herb layer cover. Significant differences were also found in both the frequency and cover of life forms in relation to silvicultural treatment. These findings provide a better understanding of short-term effects of silvicultural treatment useful for maintaining biodiversity in mountain beech forests.
Introduction
Forests are the most important global repository of terrestrial biodiversity, which play an important role in functional ecosystems and the supply of a wide range of ecosystem services (Pecl et al. 2017) . Climate and land use changes are threatening forest biodiversity, with negative effects on forest productivity and carbon uptake. The conservation of biodiversity is, therefore, a major goal when managing forests in a sustainable way (Lindenmayer et al. 2000) . Sustainable forest management needs to integrate forest conservation practices based on multi-functional and flexible approaches (MacDicken et al. 2015) , including potential values of climate regulation, habitat provision, water control, genetic resources, etc. Indeed, forest management is an important factor that influences richness in species and ecosystem productivity and, in relation to the applied measures, may have positive or negative effects on forest biodiversity (Kutnar et al. 2015) . Silvicultural strategies and conservation priorities focusing on site-specific guidelines for stand structures and harmonised use of the forest resources are recommended for achieving the required objectives in resilience and inclusiveness. Furthermore, they may mimic the processes naturally occurring in forest ecosystems (Gamborg & Larsen 2003) .
When considering the multi-functionality of forest systems, different types of management can be applied to preserve forest functions and timber production in mountain environments. Sustainable forest management practices should be used to promote the conservation of biological forest resources on a global scale. At the local scale, forest management guidelines and forest certification programs may require maintaining or increasing the abundance of deadwood as an indicator of progress in maintaining biodiversity. Intensively managed forests show a reduction in the amount and variety of deadwood in comparison with unmanaged forests (Paillet et al. 2015) , even though it is a key structural feature in forest ecosystems that supports species diversity (Burrascano et al. 2008 , Lombardi et al. 2012 ).
Deadwood occurrence is essential for the maintenance of biodiversity, representing a source of nutrients for invertebrates (Siitonen 2001) , bryophytes (Odor & Standovár 2001) and lichens (Humphrey et al. 2002) . Deadwood substrates serve as a refuge that hosts a wide diversity of animals, such as amphibians (Herbeck & Larsen 1999) , small mammals (Harmon et al. 1986) , and birds (Mikusinski & Angelstam 1997) . Deadwood amounts continuously evolve in time, not only in relation to the intensity of silvicultural practices and the way they are carried out (Guby & Dobbertin 1996) , but also due to the frequency, intensity and type of natural disturbances. Furthermore, the loss of microhabitats threatens biodiversity in forest ecosystems (Winter & Möller 2008) . The term "microhabitat" encompasses several structural features on single trees and small substrates used by numerous species, or groups of species, to grow, nest or forage (Winter & Möller 2008) . Microhabitats can be associated with decreasing tree vitality, which is commonly caused by a combination of fungi, viruses and bacteria (Larrieu & Cabanettes 2012) . They are useful in describing the level of forest naturalness, integrating structural complexity and deadwood diversity (Michel & Winter 2009 ). Dying or dead trees offers a great variety of tree holes, which necessarily attract cavity nesting or roosting birds, and support large invertebrate communities. Decaying deadwood provides nutrients and moisture that benefit many organisms, as well as shelter in extreme temperatures.
Understory vegetation is also a component of forest biodiversity and a key driver of many forest processes, including litter decomposition (Dearden & Wardle 2008) , light interception (Gendron et al. 1998 ) and forest productivity (Nilsson & Wardle 2005) . Understory vegetation constitutes the largest number of plant species that participate in forest dynamics. Single species or groups of species growing on the forest floor can be used as proxies for site conditions (Khanina et al. 2007 ). Identifying the occurrence of plant species in the forest understory provides an assessment of the degree of naturalness, addressing suitable management models for the conservation of biodiversity (Nilsson & Wardle 2005) . Forest management has a strong effect on floristic composition and, in particular, on the abundance of life form (Kern et al. 2014) . Thinning activities, as well as natural disturbances, alter forest floor microclimatic conditions, promoting higher understory species densities (and deadwood decomposition rates), which in turn can affect other processes and taxa. However, our understanding of how silvicultural treatments affect biodiversity indicators and how these effects interact with natural disturbances is limited, particularly in the Mediterranean area.
The conservation of biodiversity in forests, therefore, requires investigation to define innovative silvicultural treatments that promote conservation purposes (Lindenmayer et al. 2000) . In this study, we tested the short-term effects of differentlybased silvicultural interventions (innovative and traditional) vs. stands where no silvicultural practices were applied on biodiversity indicators and related proxies. Specifically, we quantified the amount of deadwood, the density and variability of microhabitats, understory vegetation composition and the abundance of life forms before and after different types of forest thinning were applied to three mountain beech forests located along a latitudinal transect that stretches from southern to northern Italy. We hypothesised that the density of microhabitats, the amount of deadwood, the richness of species and the abundance of life forms would be reduced and simplified in relation to the intensity and type of applied silvicultural treatments.
Materials and methods

Study sites
The investigations was carried out in three study sites located across a latitudinal transect in Italian mountain beech forests (Fig. 1) The northern study site of the transect is located in the Cansiglio area, in the Southern Alps (Veneto Region). The forest extends to 667 ha and is characterised by a high forest, where beech (Fagus sylvatica L.) is the dominant tree species. The forest consists of an even-aged (120 to 145 years) stand, where low-mixed thinning is repeated every 20-25 years on the same management unit. The long-lasting repetition of silvicultural practices resulted in a fairly uniform stand structure (Becagli et al. 2013) .
The Chiarano-Sparvera site is located in Central Italy, in the Apennine mountains (Abruzzo Region), included in the external protection zone of the "Abruzzo, Lazio and Molise" National Park. The total area extends to 766 ha, covered mainly by beech (95%). The principle historical management type is coppice with standards, although it is currently characterised by an even-aged high forest arising from a conversion treatment.
The Mongiana study site is located in the Southern Apennine (Calabria Region). The stand is a high forest dominated by beech that extends over an area of 1257 ha. Being located in the upper part of the mountain system facing the Tyrrhenian sea, its microclimate is influenced by the interception of fog, wet winds and precipitation (Becagli et al. 2013 ). The stand is even-aged (about 70 years) with trees from the former cycles are still present. The random occurrence of trees much older than the dominant tree age makes the physiognomy less regular than a typical even-aged beech forest (Becagli et al. 2013) .
Details on the main features of the study areas are reported in Tab. 1. iForest 11: 609-618 
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Survey scheme and types of treatments Fig. 1 reports the survey approach applied in the three study sites. An area of 30 hectares was devoted to the management trials at each site. Three silvicultural treatments (theses) were identified and randomly assigned in three replicates to each compartment. Each sector was defined using a 3-ha grid. In each sector, a cluster of three circular sampling plots (530 m 2 ) was established within each compartment, according to a systematic design (Becagli et al. 2013 , Lombardi et al. 2015 . A total of 81 plots were then sampled: 27 for each study area, 9 plots for each compartment (9 plots × 3 compartments × 3 study areas). In each study area, the traditional treatments were compared to an "innovative" silvicultural intervention, with the exception of Chiarano-Sparvera site, where two innovative interventions where applied (see below). Traditional logging consisted in selective thinning (from below), reducing forest density through the removal of selected trees, but maintaining a homogeneous canopy cover. Innovative treatments consisted of opening canopy gaps (thinning from above), releasing candidate trees selected on the basis of their dominance and structure (shape, position, quality), and harvesting all adjacent trees.
In particular, one silvicultural treatment was characterised by the customary thinning practice (i.e., low-mixed thinning -LT), as applied by local managers. The second silvicultural option consisted of a crown thinning at the Cansiglio site and in the selection of 45-50 trees per ha, with the removal of direct competitors at the Mongiana site. The no-thinning area ("No practice"), used as control, was not present at the Chiarano-Sparvera site, where two innovative methods were applied together with the LT treatment. In the latter site, the crop tree treatments (CCT) used were the "CTT 40" and the "CTT 80", consisting of a selective thinning which was applied to support the best 40 trees per hectare and the best 80 trees per hectare, respectively. For further details on the differences between the LT and CTT silvicultural approaches and related harvested forest biomass, see Di Salvatore et al. (2016) .
Additionally, deadwood was artificially enriched near the ground in all the "innovative" treatments, by leaving both coarse woody debris and dead trees lying on the forest floor. All wood was taken from freshly felled trees. Moreover, 2-3 living stems per hectare were girdled to create standing dead trees, or felled and left on the ground to establish microhabitats and corridors for saproxylic insects and microfauna.
In order to test the effectiveness of management options, the biodiversity indicators and proxies (deadwood, microhabitats and understory vegetation) were sampled before and after the silvicultural interventions. More specifically, the effects of the thinning intervention were tested two years after the silvicultural treatments were performed.
Deadwood and microhabitats
In each plot, deadwood was assessed according to the following parameters: standing dead trees, downed dead trees, coarse woody debris (CWD) and stumps (Tab. 2).
Standing dead trees, downed dead trees and stumps were included in the survey when more than half of the base of the trunk lay within the plot. Coarse woody pieces were included when more than half of the base of the thicker end lay within the plot. A threshold height of 1.3 m was used to distinguish stumps (less than 1.3 m) from standing dead trees (higher than 1.3 m - Lombardi et al. 2012) .
The volume of standing and downed dead trees was calculated using the equations derived for the prediction of the aboveground tree volume (Tabacchi et al. 2011) . Moreover, the volume of stumps and coarse woody debris was calculated using the following equation (eqn. 1):
( 1) where V is the volume (m 3 ); h is the height or length (m); R is the maximum radius (m); r is the minimum radius (m). Volumes in m³ were converted into volumes per hectare by applying an expansion factor, they were then grouped in relation to the different silvicultural treatments.
Moreover, excluding the deadwood, a set of twenty-three microhabitats was measured for each plot, following the survey scheme used by Winter & Möller (2008) , before and after the silvicultural interventions. We surveyed whole standing dead and living trees and deadwood components when their diameter was > 5 cm, carefully examining the trunk from the ground to the crown or the entire length of horizontal deadwood elements. The three observers for all plots used the same sampling approach both before and after the silvicultural treatments. Microhabitats were counted on each dead and living forest component, then converted into total numbers per hectare.
Understory vegetation assessment
Understory vegetation was assessed before and two years after the implementation of the silvicultural treatments. The sampling unit consisted of a 400 m 2 square plot, centred in the plots where deadwood and microhabitats had provided samples. Within the plot, the percentage cover of each vegetation layer (tree, shrub and herbaceous layer), vascular flora and the percentage cover for each species were recorded by visual estimate. Furthermore, topographic features such as elevation, aspect and slope, were also recorded. Those species detected were identified using the analytic keys of Italian Flora (Pignatti 1982 Tab. 2 -Deadwood attributes sampled before and after the thinning operations. A total of 81 plots were realized: 27 for each study area, 9 plot for each compartment (9 plots × 3 compartments × 3 study areas 
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were structured into five macro-categories of life form: chamephytes (Ch), geophytes (G), hemicryptophytes (H), phanerophytes (P), and terophytes (T), according to Raunkiaer's classification. Finally, the cover of herbaceous layer, species richness (number of species), frequency and cover for each life-form group were calculated for each plot and at site level, before and after the thinning interventions.
Statistical analysis
In order to evaluate the effects of the silvicultural treatments for each geographical area investigated, the amounts of deadwood and microhabitats obtained before (ex-ante) and after (ex-post) the intervention phases were compared using the software SPSS Statistics ® ver. 20.0 (IBM Corp., Armonk, NY, USA). The herb layer cover, the floristic richness and the biological spectrum relating to frequency and species coverage were also assessed, at site level, both before and after the silvicultural treatments.
Normal distribution of variables in each population was tested using the ShapiroWilk normality test. When no significant departure was detected, parametric comparison methods were adopted; otherwise, non-parametric comparison tests were used. Post-hoc mean comparison tests were performed by Tuckey HSD test, when statistically significant differences between group means were found by one-way ANOVA. When variables had non-Gaussian distribution and the non-parametric Kruskal-Wallis test revealed differences among populations, post-hoc comparisons were performed using the Dunn's test.
Results
Deadwood amounts
We observed different results related to the silvicultural treatments. Data collected before the treatments showed a high variability in volume among the different deadwood components (Fig. 2) . After the application of silvicultural treatments, differences in deadwood volumes were found among the study sites.
In Cansiglio (Fig. 2a) , stumps ranged between 17.94 and 21.05 m 3 ha -1 in the CTT and LT treatments, respectively. The volume of stumps was significantly higher following the CTT and LT treatments (p<0.01 and p<0.05), while it did not vary for the control without interventions ("No practice" treatment). Moreover, volumes of downed dead trees significantly increased to 7.60 m 3 ha -1 after the CTT treatment (p<0.01).
In Chiarano-Sparvera (Fig. 2b) , results revealed a scarce presence of downed dead trees, both before and after the treatments, with a total absence in the CTT80 treatment. Before the silvicultural treatments, coarse woody debris volume showed a mean of only 5.5 m 3 ha -1 . Silvicultural treatments lead to a drastic reduction of coarse woody debris after the low thinning (LT) approach, with a significant decrease (p<0.05) of 4.60 m 3 ha -1 . In the other two sites, such result after the LT treatment was not observed. The volume of stumps did not increase after the treatment, while it was significantly higher for 612 iForest 11: 609-618 
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both the CTT40 (p<0.01) and CTT80 (p<0.01) treatments. The amount of standing dead trees was low before the silvicultural treatments and did not vary significantly thereafter.
All the silvicultural treatments applied in Mongiana lead to a significant increase in the volume of stumps (Fig. 2c) . In detail, a significant increase (p<0.01) of about 15 m (p<0.01) only after the innovative treatment. The volume of downed dead trees increased to 5 m 3 ha -1 after the innovative treatment, although the increase was not statistically significant.
Microhabitats
In general, a high variability in the number of microhabitats per hectare was observed in the study sites, although less evidently for Cansiglio, both before and after the silvicultural treatments (Fig. 3) .
No significant differences were observed after the low thinning (LT) treatment for all three study sites. Both before and after silvicultural treatments, the total number of microhabitats was around 150 elements per hectare in Cansiglio and ChiaranoSparvera, while it was higher in Mongiana (about 230 microhabitats ha -1 ). On the contrary, in Cansiglio and Mongiana a significant increase in the number of microhabitats was observed where the silvicultural treatments were not undertaken. Particularly, the number of microhabitats in Cansiglio increased (p<0.05) to about 70 units ha -1 , while in Mongiana the number of microhabitats reached nearly 220 units ha -1 , with an increase of about 90 microhabitats (p<0.05).
Thinning from above did not produce a significant increase in the number of microhabitats after the innovative treatment in Cansiglio, while a significant decrease (p<0.05) in the number of microhabitats was observed in Chiarano-Sparvera following both innovative treatments.
In particular, a marked decrease from 300 to less than 130 microhabitats per hectare was observed after the CTT80 treatment.
Species richness and cover
Before the silvicultural treatments, a total of 178 plant species was recorded in all vegetation plots. Comparing the three sites, different effects were observed, particularly concerning the type of treatments and species richness (Fig. 4) .
In Cansiglio, the innovative treatments lead to a significant increase (p<0.05) in species richness with a mean of about 26, while in Mongiana the increase was marginal. In Chiarano-Sparvera, the increase of species richness was significant after all silvicultural treatments. Significant increases (p<0.01) were observed after the low thinning and CTT40 treatments. with a mean of 20.1 and 22.1, respectively, while a significant increase (p<0.05) with a mean of 17.6 was recorded in the CTT80 treatment. Significant increases in plant cover species were recorded in all sites with a medium increment of 55% (Fig. 5) . The total plant cover is often higher than 100%, since all vegetation layers, which frequently overlap, were considered as the sum of the cover values for each sampled species/ layer.
In Chiarano-Sparvera plant species-cover increased significantly (p<0.01) after all silvicultural treatments. In Cansiglio, a significant increase was observed after both low iForest 11: 609-618 613 thinning (p<0.01) and crop tree thinning (p<0.05) treatments. By contrast, in Mongiana, a significant increase in plant species-cover was observed after low thinning, innovative and "No practice" treatments (p<0.05).
Life forms
Two years after the silvicultural treatment, significant differences were found in the frequency of life forms for the three studied sites (data not shown).
In all sites, after the innovative treatment the frequency of therophytes was higher (p<0.01) than other life forms. The majority of these species appeared in the canopy gaps. In Cansiglio, a higher frequency of geophytes and lower frequency of hemicryptophytes were detected in the control plots. In Chiarano-Sparvera, hemicryptophytes increased after CTT80 (on average by 12.78%) and CTT40 (on average by 15.89%) treatments, with a decrease of geophytes after all the silvicultural treatment: low thinning (on average by 1.56%), CTT80 (on average by 1.89%) and CTT40 (on average by 2%). Finally, in Mongiana, the frequency of hemicryptophytes increased significantly (p<0.01) only after the innovative treatment.
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After the silvicultural treatment, significant changes also affected the total cover of each life form group (Fig. 6) . In all sites, the cover of hemicryptophytes increased after innovative treatment. This increase was particularly evident in Chiarano-Sparvera (p<0.01) after all the silvicultural treatment. In Cansiglio, the cover of geophytes reached high values after all the silvicultural treatment, while the cover of therophytes was low in the control plots (on average by 3.37%). In Chiarano-Sparvera, after the CTT40 treatment, a significant increase in cover of phanerophytes (p<0.05) and chamaephytes (p<0.01) was observed; this latter biological group increased (p<0.05) also after the CTT80 treatment. In Mongiana, after innovative treatment, an increase in cover of hemicryptophytes and terophytes was recorded (p<0.05).
Discussion
Deadwood and microhabitats
The early response of Italian mountain beech forests to the innovative silvicultural treatment applied in this study was mainly related to the increase and diversification of deadwood, and the creation of favourable conditions for the establishment of new microhabitats. Several authors have emphasised that silvicultural treatment should mimic natural disturbance (Haila 1994) and highlighted the need for innovative management measures to conserve biodiversity and increase naturalness. We propose crop tree thinning, selective thinning from above, releasing a variable number of candidate trees, as innovative and diversification silvicultural practices aimed at increasing deadwood quantity and microhabitat density in these mountain beech forests, in order to combine forest productivity and carbon storage, and promote forest biodiversity. In particular, the novelty of the method lies in the number of candidate trees which is rather low, since only 40-50 or 80 trees were selected.
In all experimental sites, local traditions and past habits influenced the impact of silvicultural treatment to a variable extent, further diversifying deadwood composition, in particular that of coarse woody debris and stump components. As regards the stumps, it is worth considering that our findings refer to the moment shortly after the application of silvicultural treatments (Harmon et al. 1986 ). Therefore, it is possible that some of these stumps are still able to re-sprout, thus in this case their number would be overestimated. In one area treated with the innovative practice, the cutting and releasing of several medium sized trees on the forest floor, as future decaying deadwood, has favoured the increase of coarse debris occurrence (Rouvinen & Kuuluvainen 2001) , although the high standard deviation highlighted an irregular distribution of downed dead trees.
The integration of other practices, in addition to felled trees left in situ, may help promote biodiversity. In the long term, the girdling of trees during the thinning operations may increase the number of standing dead trees and deadwood occurrence, favouring a greater diversity of flora and fauna (Kerr 1999) . Other studies have reported the increasing occurrence of deadwood after cutting, suggesting that deadwood fraction initially declines in a felled forest, due to its post-harvesting removal, but returns to pre-logging values after about 50 years. Although partial harvests generally cause minor disturbances to ecosystem functions and services, the long-term impact of even light partial harvesting on coarse woody debris stocks and distribution can be observed (Morrissey et al. 2014) .
In this study, we found, on average, 17 m 3 ha -1 of deadwood, of which 75% was composed by stumps. Stumps, in fact, are directly related to management practices, as they are generally harvesting residuals (Burrascano et al. 2008) . However, it is not obvious that the volume of stumps were significantly higher following the crop tree thinning and low thinning treatments, while they did not vary for the control without intervention. In fact, natural disturbances play their part in tree fall and thus in the creation of new stumps of natural origin, also in unmanaged stands (Lombardi et al. 2008a) .
In beech forests of the central Apennines, Lombardi et al. (2008b) . Mediterranean forests have a recent history of sustainable forest management practices, with deadwood input so far being limited to small, rapidly decaying material. When low thinning treatment was applied, the coarse woody debris component decreased significantly and downed dead trees disappeared. In these forests, lying deadwood was traditionally removed as firewood and/or to reduce the presence of physical obstacles to forestry operations (Pedlar et al. 2002) .
Due to the absence of human pressure and thanks to the presence of old trees, an increase of some microhabitats was observed, only a short time after treatment; in particular fungal infections, cracks, cavities, bark loss, and woody debris with saproxylic insect holes. Beside deadwood occurrence, monitoring microhabitats in forest stands was an important option for validating the presence of a wide range organisms, since their incidence is strongly related to forest species (Harmon et al. 1986 , Remm et al. 2006 , as well as the efficacy of silvicultural treatments in the maintenance of forest biodiversity. However, their relationship to microhabitats with silvicultural treatments was different from that of the deadwood. In general, thinning from below did not produce any marked decrease of microhabitats, and therefore this method can be considered sustainable as thinning from above for preserving biodiversity in managed beech forests. Notwithstanding this innovative treatment aimed at increasing the occurrence of microhabitats, this was not the case in the studied forest stands. Innovative treatments CTT40 and CTT80 even caused a significant decrease in the number of microhabitats. It must be pointed out that, due to the time needed for the establishment and diversification of microhabitats, these results may vary in a long-term perspective. For example, Larrieu et al. (2017) have observed significantly higher microhabitat density and diversity in beech forest stands harvested 10-15 years before surveying, while no differences in areas harvested 1-5 years before surveying, with marked differences occurring only 70-80 years after the last silvicultural intervention. Vuidot et al. (2011) have demonstrated that, whatever form of management, the number and type of microhabitats are mainly influenced by individual tree features, and the probability of microhabitat density is the same for similar trees.
In addition to forest operations, deadwood presence can also be linked to a major recurrence of natural disturbances (wind, fungal infections, etc.) and the consequent mortality of trees, which in turn may increase the accumulation of deadwood and microhabitat density, with further implications on these forest types. The implementation of innovative treatment mimicking natural forest disturbance (opening of canopy gaps) represents a valid alternative, at least for the investigated forest types, to establish the actual environmental conditions to preserve or maybe increase, over a long term prospective, the levels of forest naturalness and sustainability.
Understory vegetation and life forms
In the Cansiglio and Chiarano-Sparvera sites, the floristic richness was higher only in areas affected by the innovative treatment. The intensity of this treatment induced a significant decrease in tree density, creating gaps and increasing the input of light radiation, useful to the rapid colonisation of gaps (Kutnar et al. 2015) . Within forest canopy gaps, the availability of nutrients to understory vegetation can be higher, due to limited competition and increased insolation and temperature (Fahey & Puettmann 2007) , although in the Mediterranean environment an increase in water loss can also be expected, due to higher evaporation rates. In Mongiana, significant differences were not found in the number of species after the application of silvicultural treatments. Studies evaluating selective logging and thinning treatments also showed inconsistent effects on understory vegetation richness (Paillet et al. 2010) . These results can be influenced by the forest type examined. In fact, the higher hetiForest 11: 609-618 erogeneity of forest stands observed in Mongiana before the implementation of silvicultural treatment did not implicate significant changes in tree density, so that the species richness was not affected.
Although species richness and forest management are strongly interconnected, a few studies have been conducted on the responses of the understory vegetation to the thinning activities. Forest management includes various methods of logging, which can differentially influence the understory vegetation. For example, a peculiar cutting scheme may affect plant cover differently from species richness (Knapp et al. 2013) . In this study, the implementation of different silvicultural treatments (thinning intensity and type) caused specific impact on the composition of understory vegetation.
Several studies have shown that floristic richness is inversely proportional to tree density. In addition, significant differences were observed by analysing the cover values of herbaceous species in relation to the type of silvicultural treatment. In Cansiglio and Chiarano-Sparvera, plant cover was higher in the areas where both thinning from below and crop tree thinning were implemented. In these areas, a rapid colonisation of gaps was recorded and, besides the nemoral species, forest edge species also appeared in the mixed understory vegetation. Furthermore, a significant increase in understory plant cover was observed at Mongiana site, also in the control plots. This increase can probably be influenced by the specific microclimate of this Mediterranean mountain forest stand, where herbaceous species have adapted to shady and humid conditions and may find optimal growth environments.
Concerning life forms, different trends among the three sites were observed. In Cansiglio, a significant increase in the frequency of geophytes was observed in the control plots, while the cover of these species (e.g., Anemone nemorosa L., Anemone trifolia L.) increased in all three types of silvicultural treatment. In nearby Alpine forests, Alberti et al. (2013) found that the abundance of geophytes groups is strictly related to the degree of shading of the forest stand (e.g., tree density, canopy cover). In our site, the frequency of hemicryptophytes decreased in the control plots, while the cover of these species increased after thinning from below and crop tree thinning treatment. Biswas & Mallik (2010) found a significant increase in graminoids (hemicryptophytes), but also a significant decrease in tree species, with increasing disturbance intensity. The consequences of disturbances on biodiversity are complex and are influenced by disturbance characteristics (type, intensity, etc.) and community traits (composition, richness, etc.) . The consequences of severe disturbances may even be negligible on understory individuals if, for example, increased mortality rates of canopy trees are accompanied by an increase in available resources (e.g., nutrients, light, etc.) and there are available recruits. Increasing overall species richness and decreasing total ecosystem carbon can be expected under a climate change scenario (Thom & Seidl 2016 ). Yet, in European forests, the nature and regime of disturbances have changed through time, and sustainable silvicultural practices need to take natural disturbance dynamics into account to better manage forests for both production and biodiversity.
The frequency of therophytes increased after crop tree thinning treatment, but decreased in the control plots, probably because of the continuity of the forest cover. Graae & Sunde (2000) have reported that therophytes are more common in managed than in unmanaged forests. In Chiarano-Sparvera, the dominance of hemicryptophytes was higher after CTT80 and CTT40 treatments than in the control plots, whereas the occurrence of geophytes was lower after treatment in all the study sites. The reduction of tree cover and the creation of canopy gaps increased the light radiation on the forest floor, in turn reducing the frequency of geophytes. Moreover, after CTT80 and CTT40 treatments, the high frequency of hemicryptophytes was strictly connected to the establishment of species typical to grazed areas, surrounding the studied forests. Among the typical species of pastures, there were Dactylis glomerata L., Cirsium tenoreanum Petr., Capsella bursa-pastoris (L.) Medik. These species generally take advantage from disturbances, either natural or anthropogenic, due to gap opening processes. In Chiarano-Sparvera, a significant increase in the cover of chamaephytes was recorded after both the CTT80 and CTT40 treatment. This increase was related to the presence of Trifolium pratense L., which was not detected before the implementation of the silvicultural treatment. Such species is commonly found in nearby meadows and pastures. In addition, in CTT40 areas, an increase in the cover of phanerophytes was also found, as a further consequence of thinning practices. In Mongiana, after the crop tree thinning treatment, higher frequency and coverage of therophytes and hemicryptophytes were observed. Hodgson et al. (2005) observed that annual species (therophytes) and graminoids (hemicryptophytes) are dominant in disturbed habitats, but also where trees are prevalent.
Conclusions
This study confirms the importance of deadwood, microhabitats and understory vegetation as biodiversity indicators and proxies, when related to silvicultural strategies for mountain beech forests. After two years from treatment, the management options lead to different short-term responses of the studied parameters. Crop tree thinning treatments increased deadwood quantities, while thinning from below favoured only the presence of stumps. Microhabitats increased in number where silvicultural intervention was postponed and remained unvaried after the LT intervention. CTT treatment created ecological conditions which were beneficial to the establishment of microhabitats and their development in the future. Furthermore, a significant increase in floristic richness was observed after CTT treatment, in all the studied forest stands. Finally, further monitoring activities in the same study areas will be desirable in the next 5-10 years, to further investigate the timber quality after thinning at the rotation age.
The results point to adaptive forest management strategies leading to sustainable utilisation rates that allow for maintaining forest productivity and increasing biodiversity conservation. Although most studies of biodiversity-oriented management strategies focus on forest biodiversity indicators, which are separate from each other, integrating multiple indicators proved more practical in targeting sustainable silvicultural treatment and its associated functions.
